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A study has been conducted to determine the kinds of aquatic
hyphomycetes that occur in small streams in southwest Atlanta, Georgia.
Submerged decaying leaves of Quercus. Betula. Acer and other broad-leaf
trees or shrubs were collected from three streams during June and
July, 1969 and 1970. Skeletonized leaves and leaf fragments were
placed in dishes of cold water (17 C), aerated, and allowed to
sporulate. Pure cultures were established of some of the species
fouhd and these cultures were maintained and sporulated on freshly
prepared prune agar.
Five species, viz., Lemonniera aquatica De Wild., Clavariopsis
aquatica De Wild., Anguillospora longissima Ingold, Tricladium gracile
Ingold, and Articulospora inflata Ingold were found in one or more
of the streams chosen for the study. Streams with large deposits of
clay or mud or that had an oily film on top of the water were not
productive in their yield of aquatic hyphomycetes.
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During the last week of July, 1968, my attention was called
to a mycological paper by the Chairman of the Department of Biology
at Atlanta University. The paper contained a series of illustrations
that first appeared to be geometrical designs or configurations of
modern art, A closer examination of these illustrations, however,
revealed that they were spores of aquatic hyphomycetes, imperfect
fungi in the orders Moniliales and Mycelia Sterilia.
Although numerous studies have now been made on aquatic
hyphomycetes throughout the world, only a very limited account of
these interesting fungi is available for the state of Georgia. Most
of the reports from the United States have come from California,
Wyoming, Wisconsin, and nearly all of the northeastern states. It
appears that environmental conditions play a great role in the
growth and distribution of these fungi. On the basis of the fact
that environmental conditions differ from one part of the country
to another, one might assume that environmental conditions in the
southern part of the country could be somewhat unfavorable to the
development of aquatic hyphomycetes.
This study was undertaken in order to obtain some infomation
on the distribution of aquatic hyphomycetes in a few places in
southwest Atlanta, Georgia, and to note any conditions that might
affect their growth and development. Several streams that exhibited
ecologic and physiographic characteristics typical of sites where
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these fungi are known to occur were observed. Three of the streams
were chosen for the study.
CHAPTER II
REVIEW OF LITERATURE
Aquatic hyphomycetes, sometimes referred to as "aquatic
fungi" were first reported by De Wildeman in 1893 (Ranzoni, 1953),
According to Ingold (1942), Riensch had earlier observed "floating
objects" among cultures of algae. He described them as free-floating
algae (Ingold, 1942). De Wildeman recognized the floating objects
as fungal spores and described several species. From the several
species described by De Wildeman, three; Tetracladium marchalianium.
Fusarium elongatum (now Anguillospora longissima). and Lemonniera
aquatica were placed in the Moniliales (Ranzoni, 1953). Tetracladium
marchalianium had previously been described as a variety of the
alga, Cerasterias raphidioides (Ingold, 1942).
Ingold (1942) states that more convincing evidence on the
relationship between the aquatic hyphomycetes and the Fungi Imperfect!
was provided by Kegel in 1906, Kegel added Varicosporitim elodea.
which he had observed growing on species of Elodea (Ingold, 1942).
On account of the fact that the asexual stage is generally
the only one found when aquatic hyphomycetes are studied, it has
been necessary to employ spore characteristics, for the most part,
in classifying and identifying them. According to Ingold (1942),
Vuillemin was the first to use spore type as a basis for classifying
these fungi. Subsequently Mason (See Ingold, 1942) and later




Ingold (1942) reports that Vuillemin made a clear-cut
distinction between two kinds of spores, viz,, conidiospores and
thallospores. He described conidiospores as being distinct from
the mycelium from the beginning. He did not regard them as
being modifications of already existing hyphae. Another feature
of the conidiospore, now recognized, is its deciduous nature. It
is set free from the hypha or conidiophore that bears it as soon
as it matures (Ingold, 1942),
Ranzoni (1953) states that Vuillemin described thallospores
as secondary modifications of the original hyphal system. This
type of spore is not deciduous, but remains attached until the
hypha dies. Vuillemin divided thallospores into three groups or
types, namely, blastospores, hemispores, and chlamydospores (Ranzoni,
1953). According to Ranzoni (1953), Vuillemin, in 1911, added a
fourth tjrpe of thallospore, the aleuriospore. He considered the
aleuriospore to be intermediate between the chlamydospore and the
conidium (Ranzoni, 1953). Vuillemin used the term aleuriospore for
a "terminal chlamydospore," which is delimited from its parent hypha
by a transverse wall (Ingold, 1942).
According to Ingold (1942), Mason expanded the concept of the
coniditun to include the aleuriospore, its manner of insertion on
the hypha, and its manner of separation. The conidium is inserted
on the hypha by a surface less than the diameter of the hypha, A
septum forms separating the spore and hypha causing it to be
released (Ingold, 1942).
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The aleuriospore, on the other hand, is inserted on a
surface equal in diameter to the h3^ha on which it is produced.
The separating septum forms early in the development of the spore
(Ingold, 1942).
Ranzoni (1953) states that Mason, following Vuillemin, re¬
cognized two other spore types, namely, the phialospore and the
radulaspore. Mason described the phialospore as being produced in
basipetal succession from a phialide. The phialide is defined as
a "fusiform truncate, fusiform beaked, or acuminate terminal
portion of the hypha, from the apex of which, or within which,
thin-walled conidia are abstricted" (Ranzoni, 1953).
The phialospore is not delimited from the phialide by a
cross-wall or septum during its development. Instead, a cleavage
line separating the spore from its phialide is formed when the
spore is fully developed (Ingold, 1942).
The radulaspore, suggested by Mason in 1933, is a type in
which "each spore is borne on a little sterigma, without any
reference to the growing-point of the hypha" (Ingold, 1942). Among
the best known examples of radulaspores are the grape-like clusters
of spores borne on little sterigmata on the conidiophores of
Botrytis cinerea. the "gray mold" (Ingold, 1942).
Ingold (1942) points out that in hyphomycetes, there is
frequently more than one spore form in the life cycle. Botrytis
cinerea produces radulaspores and phialospores. Acrospeira levis
Wiltshire, produces aleuriospores and phialospores, but others, such
as Penicillium sp. produce only phialospores. Some genera have been
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established on the basis of thallospore formation, while others
have been established on the basis of phialospore formation.
The distinction between radulaspores and phialospores may
not always be very sharp, but the distinction between thallospores
and phialospores appears to be fundamental. Ingold (1942) has
stated that, "It seems clear, therefore, that if two species of
fungi, A and B, produce spores of the same characteristic shape,
but in A they are aleuriospores, while in B they are phialospores,
A and B cannot, on the strength of the resemblance in shape of the
spore, be included in the same genus."
Ingold (1942) not only stressed the difference between
thallospores and phialospores, but also the difference between "dry
spores," which are capable of being dispersed by wind and "slime
spores," which are not capable of wind dispersal. He further sug¬
gested the "aquatic spore" for classifying aquatic hyphomycetes on
the basis of spore forms.
Ingold (1942, 1943a, 1943b, 1944, 1945) carried out a series
of investigations of fungi growing on decaying leaves from streams
near Leicestershire, England. From these investigations Ingold
described twenty-three species of aquatic hyphomycetes, belonging to
sixteen genera. In most of the genera, the spore form on which the
genus is based is an aleuriospore. In six of the genera, the spore
form is a phialospore and only one is based on a radulaspore
(Ingold, 1945).
Prior to 1950, studies of aquatic hyphomycetes had been made
in Great Britain and countries outside the North American
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continent. The first reports from North America were those of
Hughes (1951, 1953), who reported several species from Canada.
Sometime later Ingold (1960) reported additional species from
Canada,
Ranzoni (1953) made a survey of freshwater streams, lakes,
and ponds throughout the greater part of California, This investi¬
gation represents the first coii5)rehensive study of aquatic h3rpho-
mycetes in the continental United States. Ranzoni reported finding
aquatic hyphoraycetes growing on the same kinds of substrata as
that reported by Ingold and others. Fifteen genera and twenty-two
species were collected by Ranzoni. Five of the species reported
were previously undescribed forms (Ranzoni, 1953).
Other studies on aquatic hyphomycetes made in the United
States since Ranzoni's work are: Umphlett (1957) in Virginia;
Baxter (1960) in Wyoming where twelve species were found; Petersen
(1962, 1963a, 1963b) in New York, New Jersey, Pennsylvania, Con-
neticut. North and South Carolina, Tennessee, and Georgia. Petersen
(1962, 1963a, 1963b) reported collecting twenty-two genera, only
four of which were from Georgia. The genera with Georgia repre¬
sentatives were Anguillospora. Tricladivim. Articulospora. and
Culicidospora. Petersen's report indicated a collecting period from
Spring to Fall, but did not indicate the specific collection sites
or the extent of his collecting. Crane (1968) reported twenty-seven
species from the Northern Appalachian Highlands, a region that
included New England and three coastal plain states. Woelkerling
and Baxter (1968) in Wisconsin, Kirk (1969) in Virginia, and
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Conway (1970) in New York, have provided additional reports on
aquatic hyphomycetes in the United States.
CHAPTER III
MATERIALS AMD METHODS
The fungi reported in this study were collected from three
streams in southwest Atlanta during the months of June and July,
1969 and 1970, Each stream differed from the others with respect
to size, water temperature, and rate of flow. All three, however
showed a similar type of flora along the banks, namely, species of
Quercus. Betula. Acer and various broad-leaf shrubs. The streams
will be designated as collecting sites I, II, and III.
Site I (Fig. 1) was a stream that drains from Tatum's Lake
and crosses Boulder Park Road about 500 yards south of the Tatum
Lake Fishing Camp, This is a permanent type stream, in that it
flows year round. The water temperature during the period of
study ranged from 25-27 C.
Site II (Fig. 2) was a smaller and less permanent stream
than that of site I. It was dry during the month of July. The
water temperature in this stream ranged from 20 C during rainy
periods in June to 24 C when it was nearly dry. The stream for
site II is located in the rear of 4483 Clement Drive and crosses
Bakers Ferry Road at the entrance to the Georgia State School for
Girls.
Site III (Fig. 3) was the largest and fastest flowing of
the three streams. Collections were made where the stream crosses
at 200 Harlan Road and flows southward along the right of Harlan
Road. Its water temperature was constant at 22 C during the
9
10
Fig. 1. Collecting site I.
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Fig. 2. Collecting site II. Stream partially hidden
by grass.
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Fig. 3. Collecting site III
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collecting period.
Decaying and skeletonized leaves were collected from the
streams and brought into the laboratory. These collected materials
were placed in plastic containers that were partially filled with
distilled water. The containers were placed on open shelves in a
room where a temperature range between 10 and 17 C was maintained.
After three days, each container was aerated for an hour every
two days with small aquarium pumps.
Leaf materials in the containers were examined daily, using
a Wild M-5 stereoscopic microscope. Leaves or leaf fragments with
visible fungal growth were transferred to petri dishes, covered
with water, and allowed to sporulate.
Released conidia were removed from the petri dishes with
capillary tubes and transferred to sterile petri dishes containing
either freshly made prune agar or Difco malt agar. The spores
usually germinated within 24 to 48 hours.
Mycelia from germinating spores grew well on either prune
or malt agar, but sporulation only occurred when blocks of agar
with mycelia were placed in dishes of cold (17 C) sterile water
for 24 hours. The blocks of sporulating fungi were removed and
mounted in lactophenol-cotton blue.
In cases where aquatic hyphomycetes could readily be identi¬
fied on the leaves or leaf fragments, they were removed with razor
blades and mounted in lactophenol-cotton blue for study. Observa¬
tions were made with an American Optical series "Sixty" microscope.
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Photographs of sites were made with an Argus 35 mm camera.
Photographs of spores were made with a Wild M-5 stereoscopic
microscope and a Wild M-20 compound microscope, both equipped with




Aquatic hyphomycetes were collected from all three sites
chosen for the study. Two other streams initially selected for
study were eliminated when hyphomycetes failed to appear on the
substrata collected. The banks of both of these streams were
fairly free of trees and broadleaf shrubs. Herbaceous weeds made
up the predominate flora along their banks. The bottoms of the
streams that were eliminated from the study contained large
deposits of clay. A persistent oily film was present on top of
the water. More than likely these factors contributed toward
making conditions for growth of aquatic hyphomycetes unfavorable.
Similar conditions did not prevail at either of the three sites
used in the study.
Leaf materials that showed the best yield of aquatic hypho¬
mycetes were those collected from rock traps that held the materials
near the center of the stream. Materials that flowed freely with
the stream or were covered with mud near the edge were not productive
in their yield of aquatic hyphomycetes.
Leaves that had decayed to the point where they had been
skeletonized yielded the most abundant growth of aquatic hypho¬
mycetes. On decayed leaves with some interveinal tissue present,




No aquatic h3q)homycetes appeared on leaves where the vascular
tissue had completely decayed. Aquatic hyphomycete mycelial growth
was not evident on any materials when first collected and brought
into the laboratory. Growth did not appear until after the materials
were incubated at 17 C for three or four days.
The first indication of the presence of aquatic hyphomycetes
on the skeletonized leaves was the abundant development of sporo-
phores on the vascular tissue (Fig. 4). Although sporophore develop¬
ment was usually rapid the time of appearance varied somewhat
according to genus. Sporophore development for all genera usually
occurred within 24 to 48 hours, however, after exposure to the low
temperatures. Sporulation enabled the aquatic hyphomycete to be
identified.
It was common to find two or more genera growing on the same
leaf fragment. The mycelia of a particular genus appeared, however,
to be confined to a distinct portion of the leaf rather than be
dispersed or intermingled with that of another genus. One genus,
Lemonniera. was found on most of the leaf material that yielded
aquatic hyphomycetes. This genus also appeared on other substrata,
such as decaying twigs and sections of branches.
Pure cultures of those aquatic hyphomycetes observed on
natural substrata were grown in the laboratory on several culture
media, namely, prune, malt, and potato-dextrose agars. Laboratory
cultures were ultimately restricted to prune agar, however, primarily
because this medium did not favor the growth of bacteria. This
practice made it unnecessary to use a method described by Raper (1937)
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Fig. 4. Young sporophores on decaying portion of the
petiole of skeletonized leaf. X50.
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to prevent bacterial contamination. Laboratory cultures produced
abundant mycelia, but did not sporulate. To induce sporulation,
it was necessary to take blocks of agar, containing mycelia, and
place them in cold water (17 C), a technique described by Ingold
(1942) and Ranzoni (1953).
Five genera appeared on the substrata collected during the
months of June and July, 1969 and 1970 (Table 1). They were
Lemonniera. Clavariopsis. Anguillospora. Tricladium. and Articulo-
spora. Fungi representing the latter three genera had previously
been reported from Georgia by Petersen (1962, 1963a, 1963b). Lemen-
niera and Clavariopsis. although included in Petersen's report, were
not reported from the state, A description and general account of
each genus observed follows.
LEMONNIERA
According to Ranzoni (1953), Lemonniera is a genus originally
described by De Wildeman in 1894. He described the genus from spores
of several species of fungus growing in his collections of algae.
Four species are now known to belong to the genus. Lemonniera is one
of the most widely distributed aquatic h3q)homycetes, having been
reported throughout the north temperate region from Europe to Cali¬
fornia and Virginia. The species (Fig. 5) encountered in this study
was determined to be Lemonniera aquatica De Wild. Its principal
morphologic characteristics are as follows.
The mycelium on natural substratum appears scanty and almost
un-noticed as it ramifies through the decayed leaves, Conidiophores
on natural substratum were 266 - 270^ long, and 1 - 2H broad.
Table 1. Summary of collection data on aquatic hyphomycetes collected from three sites in
southwest Atlanta, Georgia, during June and July, 1969 and 1970,
Species
Site I Site II Site III
1969 1970 1969 1970 1969 1970
Lemonniera aquatica De Wild. + + + + + +
ClavarioDsis aquatica De Wild. - - - - +
Anguillospora longissima Ingold. - - - - +
Tricladium anomalum Ingold. - - - - +
Articulosoora inflata Ingold. - - - - +
+ Species collected from site




Fig. 5. Lemonniera aquatica De Wild. Conidiophore with
phialides (phi) and spores (sp) growing on leaf
tissue. XIOO.
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They were hyaline, septate, slender, and unbranched at the basal
end. Towards the free end, the conidiophores branched to produce
several phialldes on which the spores are produced.
The spore (Fig. 6) begins development as a spherical swelling
at the end of the phialide. The swelling enlarges and bulges in
four directions to become the four arms of the spore. Each grows to
a length of 50 - 70from the center. The spore is non-septate
prior to liberation from the phialide, however, after liberation and
before germination, the spores were hyaline and septate.
During development of the sporulation stage the mature
conidiophores extended from the leaf tissue and produced spores which
upon release sank to the bottom of the culture dish. Within 24
hours, the spores would germinate in the water of the culture dish or
on prune agar. Spores germinating on the agar medium gave rise to a
white aerial mycelium and a hyaline submerged mycelium. Within 6 or
7 days, the central, older hyphae of the colony turned brown and
only the outer, younger fringes were white to hyaline. Cords of
h37phae, as described by Ingold (1942), were also observed in the
mycelia of the agar culture.
As the spore germinates in water, the hypha from each arm
develops an adhesive accumulation which causes it to stick to the
bottom of the culture dish. In several Instances, clusters of germ¬
inating spores and developing mycelia were observed adhering to the
bottom of the dish. These spores and mycelia were not easily dislodged
either by water agitation or mechanical scraping. It is conceivable
that this might represent an adaptive feature that enables the fungus
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Fig. 6. Lemonniera aquatica De Wild. Conidiophore
showing spore development; phi, phialide, sp,
spore. X450.
23
to adhere to its substratum and prevent it from becoming dislodged
in rapidly flowing water.
Lemonniera was the most frequently encountered hyphomycete
of the five genera found. It was found on several types of leaves
collected at all three sites. The species was commonly found on
oak leaves and, in several collections, it occurred along with
Clavariopsis. The fungus was easily isolated and cultured on the
media used.
CLAVARIOPSIS
According to Ingold (1942), Clavariopsis was first collected
and described by De Wildeman in 1895. It was not reported again
until Ingold (1942) found it growing on submerged decaying alder and
willow leaves near Leicestershire, England. It has since been
widely collected in California by Ranzoni (1943) and was reported by
Petersen (1962, 1963a, 1963b) from some of the localities where he
collected. The species (Fig, 7) encountered in this study was deter¬
mined to be Clavariopsis aquatica De Wild. It appears as if only one
species is known for the genus.
On natural substrata, the mycelium is hidden in the tissue and
gives rise to conidiophores which were unbranched, septate, slender,
and hyaline. The conidiophores (Fig. 8), range in length from 80 -
85jA and 2.2 - 2.3^» broad. They produce a terminal conidium.
Conidial development starts as a swelling of the tip of the conidio-
phore causing it to become club-shaped. This swelling is the spore
primordium. Three divergent arms bulge from the club-shaped spore
primordium simultaneously, each growing to a length of 15^ . As
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Fig. 7. Clavariopsis aquatica De Wild. Conidiophore and
conidium, growing on tissue from skeletonized
leaf. XIOO.
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Fig. 8. Clavariopsis aquatica De Wild. Conidiophore with
developing conidium on tissue from skeletonized
leaf; sp, spore. X450.
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spore development progresses the spore becomes two-celled by the
formation of a cross-wall and is released by a rounding off of one
of the two cells where it meets the conidiophore. The apical cell
of the spore is 15 - 16 long, 12 ^ wide at the top, and tapers to
6^ at the base.
Mature spores (Fig. 9) germinated in water in the culture
dish or on prune agar within 24 hours. The adhesive property
observed when spores of Lemonniera germinated was not noted for the
spores of C. aquatica. Spores germinating on prune agar gave rise to
a white aerial mycelium and a hyaline submerged mycelium. Within 6 to
7 days, the older, central hyphae of the colony turned dark green and
only the outer, younger hyphae remained white to hyaline.
This fungus was somewhat rare in occurrence. It was found
only during June, 1970 on decaying oak and maple leaves collected
from site III.
ANGUILLOSPORA
This aquatic hyphomycete was found growing on a leaf fragment
along with Clavariopsis aquatica. Both fungi appeared in a culture
dish before it had been aerated. Growth of the fungus was sparse,
for only three or four sporophores were found on a section of the
leaf petiole. The species was determined to be Anguillospora
longissima Ingold (Fig. 10). According to Ingold (1942) it was
first collected and described by De Wildeman in 1893 and named
Fusarium elongatum. Since the specific name had already been used
for another fungus, Ingold (1942) states that Saccardo and Sydow
renamed the species Fusarium longissima in 1899, Ingold (1942) later
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Fig. 9. Clavariopsis aquatica De Wild. Mature spores from
conidiophores growing on tissue from skeletonized
leaf. XIOO.
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Fig. 10. Anguillospora longissima Ingold. Spore and
sporophore from decaying leaf petiole.
XI00.
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studied the development and release of spores of a similar fungus
and found that the spores were different from those of Fusarium. As
a result of these observations Ingold considered the fungus to
represent a new genus and proposed the name Anguillospora. Ranzoni
(1953) made similar observations in his studies and concurred with
Ingold in the establishment of the new genus.
The mycelium of A. longissima grows submerged in the natural
substratum but produces conidiophores which extend outward from the
leaf tissue. The conidiophores are unbranched, hyaline, septate,
slender, and extend up to 58 from the leaf tissue to the "separating
cell" described by Ingold (1942). At the end of the conidiophore the
sigmoid spore forms. Spores are up to 190long and 2.4broad.
The spore is hyaline, septate, unbranched, and eight-celled.
A. longissima was not encountered in any other collections
during the study. Attempts to obtain pure cultures of the fungus were
unsuccessful. Three other species are known to belong to the genus.
Ingold (1958) collected and described A. crassa growing on decayed
leaves from streams near Leeds, England. Ranzoni (1953) described
A. pseudolongissima and A. gigantea collected many times in California.
TRICLADIUM
The genus Trieladium was first described by Ingold (1942) from
submerged decaying alder leaves collected in streams near Leicestershire,
England. Ingold (1942, 1944) has placed four species in the genus,
viz., T. splendens. T. gracile. T. angulatum. and T. anomalum. Some
of the species are wide spread in distribution. A fifth species, T.
marylandicum. was recently described by Crane (1968) from a Maryland
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habitat.
The species found in this study was determined to be Tri-
cladium gracile (Fig. 11). The principal morphologic features noted
were as follows: Aerial mycelium was absent from the substratiam
except for the simple, hyaline conidiophores which projected at right
0
angles from the leaf tissue into the water, Conidiophores ranged from
21-53)1 long and were usually 2|\ broad. Each conidiophore formed
a single, terminal conidium which, upon release, germinated in the
water of the culture dish or on prune agar when transferred.
Spores germinating in water produce two lateral arms on a main
axis that is continuous with but separated from the conidiophore by a
cross-wall. The main axis bends or curves at the point of origin of
each lateral arm. The lower arms range in length from 64 - 100 jA
and the upper arms vary from 45 - 48 )A , Both arms are uniform in
width, varying from 2 - 2.3)k , and do not taper toward the end. Each
lateral arm contains at lease one septum.
Spores germinating on prune agar (Fig. 12) give rise to a
white aerial mycelium and a glossy, hyaline submerged mycelium. After
6 or 7 days, the older, central mycelium turns dark green and only the
outer, younger mycelium remains white to hyaline. Spores are produced
only when blocks containing mycelium are placed in dishes of cold
water. Spores from the laboratory cultures are essentially identical
to those produced on natural substrata.
T, gracile was found abundant on maple leaf fragments in asso¬
ciation with Articulospora inflata. It appeared on materials collected
during July, 1970.
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Fig. 11. Tricladium gracile Ingold; spore and sporophore
from decaying leaf tissue. XIOO.
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Fig. 12. Tricladium gracile Ingold; spores and sporophores
growing on prune agar. XI00.
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ARTICULOSPORA
Articulospora is another genus that was originally described
by Ingold (1942) from decaying alder leaves collected near
Leicestershire, England. Ingold (1942, 1944) has placed two species
in the genus, namely, A. tetracladia and A. inflata. Ranzoni (1953)
added A. moniliforma, a species collected in California. Only three
species are known to occur in the genus. The species found in this
study was determined to be Articulospora inflata (Fig. 13). The
principal morphologic features noted were as follows: The branched,
septate, hyaline mycelium is inconspicious on the decaying leaf tissue.
Simple, hyaline conidiophores are produced by the surface mycelium and
extend at right angles into the water. Conidiophores range from 50 -
64 p long and 1 - 2 ^ broad. A single spore (aleuriospore) is borne
on the terminal end of each conidiophore and upon release, germinates
within 24 hours in the water of the culture dish or when transferred
to prune agar.
Spores that germinate on the agar medium give rise to a white
aerial mycelium, with a submerged hyaline mycelium. Laboratory
cultures sporulated only when blocks of agar containing mycelium were
placed in dishes of cold water. During the early stages of develop¬
ment, the spore primordium is delimited from the conidiophore by a
cross-wall approximately 74 from its tip. This cell is the first
arm of the spore. Three swellings occur just below the cross-wall
soon after the delimitation of the first arm. One of the swellings
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Fig. 13. Articulospora inflata Ingold; spores and
sporophores on decaying leaf tissue.
XI00.
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develops into an arm that is continuous with the main axis of the
spore. The other two swellings give rise to the lateral arms of
the spore. All four branches range from 55 - 74 long and contain
at least one septum.
In water the spores germinated in a fashion similar to
Lemonniera and other genera previously described, however, adhesive
pads did not develop at the tips of the arms of this fungus as they
do in the spore branches of Lemonniera.
A. inflata often occurred on the same leaf fragments with
Lemonniera and for a time this fungus was thought to belong to that
genus. A. inflata commonly appeared on decaying leaf veins and
petioles and fomed many spores. The spores formed clusters after
release from the conidiophore and floated about in the water. This
species has been widely reported from many places where studies of
aquatic hyphomycetes have been made. It is one of the species reported
by Petersen (1962, 1963a, 1963b) from Georgia.
CHAPTER V
DISCUSSION
From the observations made in this study it appears clear that
aquatic hyphomycetes develop best in flowing streams, bordered by
trees and shrubs, that are relatively free of pollution. These fungi
appear to develop best on the vascular tissue of submerged leaves in
an advanced stage of decay. Although h3T)hal growth apparently
occurs at warm temperatures, colder temperatures are required for
sporulation.
One of the most remarkable features of the aquatic hyphomycetes
is the very large, uniquely-shaped spores that they produce. In most
species the spore is hyaline, branched, and one-to many-celled. In
most genera the spore body consists of four diverging branches that
arise from a common point. In the species reported here features of
the spore furnished the principal criteria for identification. In
several collections the species were identified from floating spores
in the culture dish before mycelia and conidiophores were observed
on the leaf tissue.
Several features of spore morphology were noted that may be
associated with an environmental adaptation of these fungi for an
aquatic life. First, the floating mechanisms of the spores appear to
aid in their dispersal. When the spore is released it floats, for a
period of time, on or just beneath the surface of the water. This
fAcilitates the dispersal of the spores and aids in bringing them
into contact with suitable substrata in the stream. Spore dispersal
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can also be associated with the clustering nature of the spores. The
fact that spore branches become entangled with each other results in
a mass movement of the spores in water.
A second feature, noticed in Lemonniera aquatica. is the
formation of adhesive pads at the ends of the spore branches. These
pads cause the spore to adhere firmly to its substratum and makes
dlslodgement in rapidly flowing streams less likely. Although the
feature was not observed on spores of any other fungus, it could be
assumed that their branches, on becoming entangled in the substratum,
function in a comparable fashion.
CHAPTER VI
SUMMARY
Aquatic hyphomycetes from selected streams in southwest
Atlanta have been studied. The fungi were found on submerged
decaying leaves in flowing streams that showed little evidence of
pollution. The banks of the streams were populated with broad-leaf
trees or shrubs. Three collection sites were used in the study.
Five different genera were found at one or more of the three
sites. Species representing three of the genera, namely, Aneuillo-
spora longissima. Tricladium gracile. and Articulospora inflata have
previously been reported from Georgia. This report adds Lemonniera
aquatica and Clavariopsis aquatica to the list of aquatic hypho-
mycetes now known to occur in the state.
In this study no evidence was found to suggest that an affinity
exists between species of hyphomycetes and leaves of an individual
tree or shrub species. Each aquatic hyphomycete appeared to develop
equally as well on leaves of Quercus. Betula. or Acer. Skeletonized
leaves, usually devoid of interveinal tissue, represent the type of
substratum on which the aquatic hyphomycetes typically develop. Leaves
that had not deteriorated to this extent generally did not yield any
of the species reported.
Conidiophores and spores were not observed on any skeletonized
leaves initially collected from the streams. Sporulating structures
only appeared after leaf fragments were submerged in the water and
subjected to a low temperature (17 C) for 3 or 4 days.
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All of the species found, except Anguillospora longissima.
were Isolated and cultured on prune agar, A. longissima was rarely
found and attempts to obtain pure cultures were unsuccessful.
The most striking feature of the aquatic hyphomycetes is
the extremely large, often branched spores that they produce. Genera
are readily identified, even at low magnification, as a result of
the size of the spores and their distinctive morphology.
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